The AluyHG element belongs to the AluYb8 subfamily. It is a polymorphic insertion, located approximately 20 kb from the HLA-G 3 0 -untranslated region (3 0 -UTR), which has been used for evolution studies because it exhibits identity for descendants and it is still polymorphic in the human genome. To understand the evolutionary mechanisms acting on HLA-G, we evaluated the presence or absence of the AluyHG element, associating this variable site with others observed at HLA-G coding, 3 0 -UTR, or both regions in four distinct populations (Brazilian, French, Congolese, and Senegalese). The results were compared with the 1000Genomes Consortium data. The worldwide AluyHG frequencies showed an increment, starting lower in Africa and increasing following distance and time of human dispersion out of Africa. The same haplotype pattern was observed in all populations, indicating that most of the HLA-G haplotypes already detected were originated earlier in Africa, before Homo sapiens dispersion. The AluyHG insertion was associated with the G
Introduction
The human major histocompatibility complex (MHC) comprises at least 224 genes at chromosome 6p21.3, coding the human leukocyte antigens (HLAs) that have a key role on the immune system. Classical class I genes (HLA-A, HLA-B, and HLA-C) encode molecules that present antigen peptides to T CD8 + cells, whereas the nonclassical class I genes (HLA-G, HLA-E, and HLA-F) have been primarily associated with the modulation of the immune system cells (Klein and Sato 2000; Hviid 2006; Donadi et al. 2011) .
HLA-G has been considered to be an immune modulatory molecule, predominantly expressed at the maternal-fetal interface and has primarily been associated with maternalfetal tolerance (Hviid 2006; Carosella et al. 2008; Berger et al. 2010) . The complete HLA-G molecule presents the same extracellular structure of the classical HLA counterparts; however, its major function is not antigen presentation. HLA-G inhibits the cytotoxic activity of T CD8 + and NK cells through direct interaction with leukocyte receptors, such as ILT-2 (LILRB1 and CD158j), , and KIR2DL4 (CD158d) (Colonna 1997; Ponte et al. 1999; Rajagopalan and Long 1999; Gao et al. 2000; Contini et al. 2003; Shiroishi et al. 2006; Donadi et al. 2011) . HLA-G gene and molecule expression patterns differ in relation to classical HLA class I molecules in many aspects, including: 1) restricted tissue expression in nonpathological conditions (Lee et al. 1995) , being expressed at the maternal-fetal interface in the extravillous cytotrophoblast cells (Berger et al. 2010) , thymus, cornea, proximal nail matrix, pancreas, and hematopoietic stem cells (Crisa et al. 1997; Mallet et al. 1999; Menier et al. 2004; Ito et al. 2005; Cirulli et al. 2006) ; 2) the presence of several membrane and soluble isoforms due to alternative splicing of the full-length HLA-G mRNA (reviewed at [Hviid 2006; Donadi et al. 2011] ); 3) a unique short cytoplasmic tail due to the presence of a premature stop codon at exon 6 (Hviid 2006; Donadi et al. 2011 ); 4) limited protein variability (Hviid 2006; Larsen and Hviid 2009; Donadi et al. 2011) ; 5) a unique 5 0 URR (5 0 upstream regulatory region) (Solier et al. 2001; Moreau et al. 2009 ); and 6) a very polymorphic 5 0 promoter (Hviid et al. 1999 (Hviid et al. , 2004 Tan et al. 2005; Hviid et al. 2006; Castelli et al. 2011; MartinezLaso et al. 2013 ) and 3 0 -untranslated region (3 0 -UTR) (Castelli et al. 2010) .
In pathological conditions, HLA-G expression has been detected in tumors, chronic viral infections, inflammatory and autoimmune diseases, and in engrafted tissues (LeMaoult et al. 2003; Carosella et al. 2008; Crispim et al. 2008; Amiot et al. 2011; Silva et al. 2011) . In this context, the expression of HLA-G in chronic inflammation, autoimmune diseases, and allotransplants has been associated with a better prognosis due to the inhibition of the immune response. In contrast, the inhibition of the immune response may be harmful in chronic viral infections and tumors, situations in which a vigorous immune response would be required (Carosella 2011) .
In contrast to the classical HLA class I genes, limited variability at the HLA-G coding region has been observed in worldwide populations (reviewed by Donadi et al. [2011] and Larsen and Hviid [2009] ). According to the International ImmunoGeneTics Database (IMGT/Database, database version 3.12.0, April 2013), 50 HLA-G alleles (or different coding haplotypes) are currently described, generating 16 different full-length proteins. Of these, five alleles are frequently observed in worldwide populations and they would be considered as polymorphisms (Castelli et al. 2007 Donadi et al. 2011) . The low variability at the coding region is probably associated with the very limited repertoire of peptides that HLA-G would present to T cells, and also to ensure a nonvariable molecule structure, permitting the modulation of the immune response in vital situations such as pregnancy. Indeed, it has been considered that purifying selection has shaped the HLA-G coding region variability, avoiding a high degree of variation (Castro et al. 2000) . In contrast, a relatively higher degree of variation has been observed at the HLA-G 5 0 URR (Hviid et al. 1999; Tan et al. 2005; Hviid et al. 2006; Castelli et al. 2011; Martinez-Laso et al. 2013 ) and 3 0 -UTR (Castelli et al. 2010) , which may be highly implicated in HLA-G expression regulation Donadi et al. 2011) , mRNA stability (Hviid et al. 2003; Rousseau et al. 2003) , mRNA degradation (Tan et al. 2007; Yie et al. 2008) , and possible differential activity of microRNAs (miRNA) (Tan et al. 2007; Castelli et al. 2009; Manaster et al. 2012) .
The HLA-G variability in the regulatory, coding, and 3 0 UT region has already been evaluated in a Brazilian admixed population ). This study, together with others that evaluated the promoter region, indicated that the HLA-G gene presents a high linkage disequilibrium (LD) along the entire gene, exhibiting few extended haplotypes and a haplotype pattern that seems to be the same worldwide (Ober and Aldrich 1997; Hviid et al. 1999 Hviid et al. , 2004 Tan et al. 2005; Hviid et al. 2006; Larsen and Hviid 2009; Cervera et al. 2010; Castelli et al. 2011; Donadi et al. 2011; Lucena-Silva et al. 2012; Di Cristofaro et al. 2013; Garcia et al. 2013; Martinez-Laso et al. 2013; Sabbagh et al. 2013) .
In humans, Alu sequences are the most abundant elements of the SINE (Short Interspersed Nuclear Element) retrotransposon family, presenting approximately 300 bp (Rowold and Herrera 2000) . Alu retroelements have been amplified within the human genome during recent evolutionary period and are useful polymorphic markers for human population origin studies (Batzer and Deininger 2002; Kulski and Dunn 2005) . These elements have been classified into different subfamilies (AluJ, AluS, and AluY) based on their mutation pattern, genetic age, and sequence difference (Jurka and Smith 1988; Batzer and Deininger 2002) . Among the AluY subfamilies, the AluYb8 is a human-specific polymorphic element that has been used as a relevant tool for population studies. Five different AluYb8 sequences have already been identified in the human MHC class I region, i.e., AluyMICB, AluyTF, AluyHJ, AluyHF, and AluyHG (Kulski and Dunn 2005) .
Among the features that turn the AluyHG element into an interesting marker for population and HLA-G studies are 1) it belongs to the AluYb8 subfamily and is located approximately 20 kb downstream from the 3 0 -UTR of the HLA-G gene (Kulski et al. 2001) ; 2) this mobile element is dimorphic, i.e., is either present or absent (Rowold and Herrera 2000) ; 3) it exhibits identity for descendants, i.e., if two individuals share an insertion at the same locus they have a common ancestor (Rowold and Herrera 2000) ; 4) this marker is not fixed in the human genome, i.e., it is still polymorphic (Kulski and Dunn 2005) ; 5) its ancestral state is known, i.e., the element absence is the original state (Rowold and Herrera 2000) ; and 6) the AluyHG element evaluation is straightforward and simple. Furthermore, the AluYb8 subfamily seems to be transpositionally active and seems to be a human-specific fragment (Zietkiewicz et al. 1994) . The AluYb8 retrotransposition mechanism involves the transposition of a RNA polymerase III retrotranscribed product, probably by a reverse transcriptase encoded into a LINE sequence (Long Interspersed Nuclear Element), because the Alu elements do not present encoded reverse transcriptase (Batzer and Deininger 2002) .
To better understand the evolutionary mechanisms acting on the HLA-G gene, the presence or absence of the AluyHG element was evaluated, associating this Alu site with other variation sites at the coding, 3 0 -UTR, or both regions in four distinct populations (Brazilian, French, Congolese, and Senegalese) . To evaluate whether the pattern observed by us was also present worldwide, we compared our results with those available at the 1000Genomes Consortium data (1000Genomes Project Consortium, 2012).
Results
The presence or absence of the The presence of association between AluyHG and HLA-G 3 0 -UTR variable sites was evaluated by Haploview, as described in the Materials and Methods section. Given the positive association but unknown gametic phase, haplotypes were inferred by probabilistic models. The 3 0 -UTR haplotypes found in Brazil, France, and Africa were named according to previous studies (Castelli et al. 2010; Lucena-Silva et al. 2012 ) and data are presented in table 2. We noticed that the presence of AluyHG was mainly associated with the presence of the UTR-1 haplotype. In fact, the only exception was two individuals from France (0.82% of the French samples) with the UTR-3/AluyHG*2 haplotype. Thus, the frequency of AluyHG*2 was compatible with the UTR-1 frequencies. This haplotype is the most frequent in Brazil and the second most common in France, whereas its frequency is low in Africa.
Besides the association between UTR-1 and AluyHG presented above, haplotypes UTR-1/AluyHG*1 were detected (table 2) in all studied populations. The higher frequency of this haplotype was detected in France. Nevertheless, the frequency of this haplotype was quite low, in which most of the UTR-1 found in any of the four populations studied This sample size differs from the original because HLA-G 3 0 -UTR variability was not available for 13 samples. Haplotypes were named according to Castelli et al. (2010) and Lucena-Silva et al. (2012) . Insights on HLA-G Evolutionary History . doi:10.1093/molbev/mst142 MBE were associated with the presence of the AluyHG element (allele AluyHG*2).
To evaluate the HLA-G haplotype pattern found worldwide and compare the results with data shown in table 2, we evaluated LD between variable sites within or close to the HLA-G gene obtained from the 14 populations evaluated by the 1000Genomes Project, as described in the Materials and Methods section. For that purpose, variable sites from the entire coding and 3 0 -UTR were used ( fig. 1) , with each variable site identified by its position following the Adenine of the first translated ATG as nucleotide + 1. Because the same set of Brazilian samples used in this article was already evaluated for the HLA-G coding and 3 0 -UTR variability , we opt to concatenate data from Brazil with the 1000Genomes data ( fig. 1) . However, as the AluyHG element is not included in the 1000Genomes data, we also evaluated the LD among the HLA-G 3 0 -UTR variable sites and the AluyHG element in Brazilian, Congolese, Senegalese, and French populations ( fig. 2) .
The LD evaluation in worldwide populations indicated the presence of significant LD along the entire HLA-G gene, usually presenting a single segregation block encompassing the coding, 3 0 -UTR, and surrounding variable sites ( fig. 1 ). In addition, the same 3 0 -UTR variable sites were also in LD with the AluyHG element, as shown in figure 2. Considering the LD pattern found in figure 1, haplotypes were inferred as described in the Materials and Methods section. Table 3 Insights on HLA-G Evolutionary History . doi:10.1093/molbev/mst142 MBE presents the 32 HLA-G coding/3 0 -UTR haplotypes found by using the Brazilian (data already published by Castelli et al. [2011] ) and the 1000Genomes data. The coding haplotypes were named according to the known sequences described in the IMGT database, whereas 3 0 -UTR were named according to previous studies (Castelli et al. 2010; Lucena-Silva et al. 2012) . In cases in which the haplotype was not compatible with an IMGT HLA-G allele, the likely ancestor allele followed by the mutation that defined this new haplotype was indicated. In addition, some possible recombination events between known HLA-G alleles were found and were indicated.
MBE
The association between the HLA-G coding/3 0 -UTR regions was evaluated in worldwide populations (table 3) . It can be noticed that the same pattern of coding and 3 0 -UTR haplotypes found in Brazil (Castelli et al. 2010 was also found in any population studied by the 1000Genomes Project Consortium (2012) and others (Hviid et al. 2004 Larsen and Hviid 2009; Jassem et al. 2012; Martinez-Laso et al. 2013 ). UTR-1 was found in all populations and it was mainly associated with the coding allele G*01:01:01:01 or with recombinant haplotypes in which the last part of the sequence resembles the G*01:01:01:01 allele. Only a few G*01:01:01:04/UTR-1 haplotypes were found, mainly in Africa (table 3) . In Brazil, all UTR-1 haplotypes were found associated with the allele G*01:01:01:01. The G*01:01:01:01/ UTR-1 haplotype frequencies ranged between 12.18% for Yoruba and 42.50% for Han Chinese South population (table 3) . Given the fact that the same Brazilian HLA-G coding/3 0 -UTR LD pattern was observed worldwide, and that the LD plot ( fig. 2) indicates that the LD extends beyond the AluyHG site, the same 3 0 -UTR/AluyHG pattern observed in Brazilian, Senegalese, Congolese, and French populations may be extrapolated to worldwide populations. It is worthy mentioning that the presence of the AluyHG element was previously associated with HLA-A2 allele, and also that this Alu element lays between the HLA-G and HLA-A loci, indicating that the pattern of LD observed for HLA-G might extends up to the HLA-A gene (Kulski et al. 2001) . In addition, the frequencies for the G*01:01:01:01/UTR-1 haplotype followed the same pattern observed for the AluyHG, i.e., higher frequencies in Asian populations and lower frequencies in African populations (tables 2 and 3).
Discussion
The present study is the first to evaluate the association between the AluyHG element and variable sites at the HLA-G gene. We characterized 641 individuals from different countries, including the Brazilian, French, Congolese, and Senegalese populations for the presence or absence of the AluyHG element, and evaluated the relationship between this insertion and variable sites at the HLA-G coding region and 3 0 -UTR. Moreover, we compared our results with the 1000Genomes data available in public databases and evaluated the HLA-G distribution pattern in worldwide populations.
Previous studies (Dunn et al. 2007; Tian et al. 2008 ) also noticed that the AluyHG presence frequencies were higher in East Asian populations, mainly in Chinese (table 1). The AluyHG frequencies in Brazil are quite similar to those observed in Europe, Japan, and Thailand (table 1). The population from the State of São Paulo, which is included in the present manuscript (table 1) , did present a major European contribution in its gene pool (Ferreira et al. 2006; Muniz et al. 2008) . In addition, the Brazilian frequencies observed in the present study were similar to those reported for the population of Brasilia (Brazil's capital, distant 706 km from Ribeirão Preto, SP) and for the Kalunga population, an Afro-derived population from the State of Goiás, Brazil (Silva ACA, personal communication) .
The insertion of an Alu element is considered to be a random process, occurring in any chromosome location. Although random, this phenomenon might be influenced by specific target sequences (Jurka 1997 ) and the frequency of specific haplotypes in a given chromosomal region. Thus, one may consider that it is possible that an insertion event would occur in certain haplotypes that are more frequent than others. The presence of the AluyHG element in all populations that were evaluated (table 1) led us to infer that this insertion event occurred in Africa, probably before Homo sapiens dispersion to other continents. This proposal is based on the fact that the insertion event is not reversible, i.e., it was not described a mechanism in which an Alu element is perfectly removed (Kulski et al. 2001 ). In addition, considering the low frequency of this element in any African population evaluated, it is probable that this Alu insertion is a recent event; otherwise, a greater frequency of this element might be expected in such populations. On the other hand, despite such lower African frequencies, the insertion was observed in all African populations studied so far (table 1), suggesting that the insertion may be old enough in order to spread across Africa.
The major founder event experienced by modern humans when leaving Africa (Henn et al. 2012 ) may be responsible for a sharp increase in the frequency of the AluyHG element in non-African populations. When comparing the frequencies of the AluyHG presence with the dispersion event and migratory routes followed by modern humans (Henn et al. 2012) , we observed that there is a gradual frequency increment following space and temporal dispersion distances from Africa to other continents. Thus, the AluyHG increased frequencies in populations outside Africa might be a consequence of isolation by distance and selective pressures acting in those frequencies.
Although neutral evolution may explain the AluyHG distribution, the bearing chromosomal region is one of the major targets of natural selection in the human genome (Solberg et al. 2008) . In fact, evidences of balancing selection acting in the regulatory regions of the HLA-G gene have been described (Tan et al. 2005; Castelli et al. 2011) . Moreover, the signature of balancing selection acting on HLA-G may be due to balancing selection acting in other genes in the same chromosomal region (Gaudieri et al. 2000) , particularly the HLA-A gene, because a strong LD was also described between the AluyHG element and the allele group HLA-A2 (Kulski et al. 2001 ). To elucidate some evolutionary mechanisms that
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Insights on HLA-G Evolutionary History . doi:10.1093/molbev/mst142 MBE acted on HLA-G, we evaluated the LD pattern between the AluyHG element and variable sites at the HLA-G 3 0 -UTR, which is of great importance for the HLA-G post-transcription regulation and where balancing selection appears to have maintained high heterozygosity Martinez-Laso et al. 2013) . Because this Alu insertion is an ancient event, that probably took place before the human dispersion out of Africa, as discussed earlier, and taking into account its distance from the HLA-G gene (approximately 20 kb), it is expected that many HLA-G 3 0 -UTR haplotypes would be associated with the AluyHG presence due to recombination events. However, the AluyHG insertion only presented a strong association with the UTR-1 haplotype, despite the occurrence of a rare recombinant haplotype (table 2) , and with the allele G*01:01:01:01, as illustrated by the Brazilian data.
The UTR-1 haplotype was theoretically considered as a high HLA-G producer haplotype, presenting high frequencies in worldwide populations (Castelli et al. 2010; Donadi et al. 2011 ). This 3 0 -UTR haplotype is associated with the coding allele G*01:01:01:01 in all populations evaluated (table 3) and it was associated with higher soluble HLA-G production (Martelli-Palomino et al. 2013 ). In addition, UTR-1 does not present the 14 bp fragment, which in turn was also associated with increased soluble HLA-G levels (Hviid et al. 2004; Rizzo et al. 2012; Svendsen et al. 2013 ). Previous studies (Castro et al. 2000; Donadi et al. 2011) , together with the present data, indicated that the G*01:01:01:01/UTR-1 haplotype would be the most recent one among the frequent extended haplotypes described for HLA-G. Although this information is not compatible with the high frequency of this haplotype observed in all populations evaluated, it is in agreement with the low frequencies of the haplotype in Africa (table 3) . Despite being recent, balancing selection may have essentially shaped the G*01:01:01:01/UTR-1 frequencies all over the world.
This G*01:01:01:01/UTR-1 haplotype would be associated with high HLA-G production by a combination of features that include more stable mRNAs (Yie et al. 2008) , low affinity of microRNAs (Tan et al. 2007; Castelli et al. 2009; Manaster et al. 2012) , and a unique 5 0 regulatory region (Hviid et al. 1999; Solier et al. 2001; Tan et al. 2005; Castelli et al. 2011; Martinez-Laso et al. 2013) . It is reasonable to propose that natural selection shaped the frequency of this haplotype, leading to high frequencies of G*01:01:01:01/UTR-1 all over the world (table 3) , but also high heterozygosity (compatible with balancing selection as previously observed for the HLA-G regulatory regions). Since the differential expression of HLA-G may be beneficial or harmful depending on the underlying condition, HLA-G heterozygosis would prone the individual to face different situations.
Nevertheless, the fact that practically no recombinants were found (99% of the AluyHG were associated with UTR-1 considering Brazil, Congo, Senegal, and France, and 100% of the AluyHG were associated with G*01:01:01:01/UTR-1 considering only Brazil), and the presence of low frequencies of AluyHG in Africa, we may postulate that G*01:01:01:01/UTR-1 is in fact the most recent haplotype among the frequent ones.
Otherwise, a great recombination rate would be found as well as other haplotypes, either ancestral or derived from the G*01:01:01:01/UTR-1 haplotype, would also present with this AluyHG. In fact, it is possible that the AluyHG element insertion might have occurred earlier in the emergence of the G*01:01:01:01/UTR-1 haplotype ( figs. 3 and 4) .
The AluyHG frequencies were compatible to the UTR-1 frequencies (tables 1 and 2) in the populations evaluated in the present manuscript probably due to a hitchhiking effect. In addition, a low recombination rate was observed for the HLA-G gene and surrounding variable sites, with a haplotype block extending beyond 20 kb from HLA-G 3 0 -UTR, encompassing the AluyHG site (figs. 1 and 2), and possible up to the HLA-A gene (Kulski et al. 2001) . Therefore, the evolutionary events that shaped the HLA-G coding and 3 0 -UTR frequencies all over the world also shaped the AluyHG frequencies. This conserved haplotype block, theoretically, might be due to the important role of HLA-G in the modulation of immune responses and immune tolerance (Hviid 2006; Larsen and Hviid 2009; Donadi et al. 2011) .
The higher G*01:01:01:01/UTR-1 haplotype frequency was found in the Chinese Han population, which is in accordance with the high frequency of the AluyHG element in Eastern Asia (Dunn et al. 2007; Tian et al. 2008) . Interestingly, these populations do not present the UTR-6 haplotype (table 3) or its associated coding allele G*01:01:01:05. It is possible that UTR-6 may have been lost in this population by the occurrence of either genetic drift or a different selective pressure. In contrast, African and Asian populations present higher UTR-3 frequency (table 3) , which was also observed in the samples from Congo and Senegal (table 2) . However, the UTR-3 frequencies decreased from Africa to the other continents, probably due to founder effects coupled with selective pressures. The African population, including our samples from Congo and Senegal, missed the UTR-7 haplotype, which was recently associated with lower soluble HLA-G levels (MartelliPalomino et al. 2013) . However, further studies are necessary to elucidate this scenario.
In conclusion, our data support the evidence that the G*01:01:01:01/UTR-1 haplotype would be one of the most recent haplotypes, although originated before the dispersion out of Africa. The G*01:01:01:01/UTR-1/AluyHG frequencies all over the world (and also for other HLA-G haplotypes) might be a consequence of the sum of consecutive founder effects as well as selection modulating its frequency. 0 -UTR variability in Brazilians was already reported in a previous study (Castelli et al. 2010 . The 3 0 -UTR variability of the African and French samples was reported in recent studies Garcia et al. 2013; Martelli-Palomino et al. 2013; Sabbagh et al. 2013) .
Materials and Methods
The AluyHG element was evaluated by using a previously published procedure (Kulski et al. 2001 ). Briefly, the DNA was amplified by polymerase chain reaction (PCR) using the primers AluyHGF-CAGGACAACCAGTAAAGATGCTGG and AluyHGR-GCTTCAGTTAACATGCAAGTTTATGCC. The reaction was carried out in 25 mL containing 20 ng of template DNA, 15 pmol of each primer (AccuOligo Õ Bioneer, Korea), 0.2 mM dNTPs (Fermentas, Vilnius, Lithuania), 1.0 unit of Taq Platinum Polymerase (Invitrogen, Carlsbad, CA, USA), 0.8Â of PCR buffer, and 5% DMSO. The cycling conditions comprised an initial denaturation at 94 C for 3 min, followed by 30 cycles at 94 C for 30 s, 58 C for 30 s, 72 C for 50 s, and final extension at 72 C for 5 min. The amplification was FIG. 3 . Network from HLA-G coding region and 3 0 -UTR haplotypes considering worldwide population (data from the 1000Genomes Consortium). The network was calculated by Median-Joining method (Bandelt et al. 1999 ) using the Network Program version 4.6.1.1, considering the 1000Genomes data and excluding the haplotypes with frequencies lower than 1%. The coding haplotypes were named according to the known sequences described in the IMGT database, whereas 3 0 -UTR were named according to earlier studies (Castelli et al. 2010; Lucena-Silva et al. 2012) . The HLA-G Lineages were named according to Castelli et al. (2011) Insights on HLA-G Evolutionary History . doi:10.1093/molbev/mst142 MBE detected by 1.5% agarose gel electrophoresis stained with ethidium bromide. The presence of a fragment of 218 bp indicated the AluyHG absence and 540 bp the AluyHG presence.
Allele and genotype frequencies were estimated by direct count. The adherence of the genotype frequencies under the assumption of the Hardy-Weinberg equilibrium was evaluated by using the Guo and Thompson exact test (Guo and Thompson 1992) , implemented in the Genepop Õ 4.2 software (Rousset 2008) . The LD pattern was evaluated by calculating D 0 , LOD scores, and LD plots using Haploview 4.2 (Barrett et al. 2005) , considering only variation sites with a minimum allele frequency (MAF) of 1%. Haplotypes were inferred by probabilistic models using two distinct algorithms, PHASE 2.1.1 (Stephens et al. 2001; Stephens and Donnelly 2003) and Partition-Ligation Expectation Maximization (PL-EM) (Qin et al. 2002) . A Perl script named HaploRunner (available at www.castelli-lab.net, last accessed September 16, 2013) was used to perform independent runs and compare the results between both methods, keeping only the haplotypes that were equally inferred by PHASE and PL-EM. The script performed 10 runs for both PHASE and PL-EM, and the following configuration was used: for PHASE, random seed values for each run, the number of interactions was set to 1000, thinning interval set to 1, and the burn-in value set to 100; for PL-EM, the parameters used were Top value set to zero, Pair size value set to 2, Buffer set to 1300, and the Round value set to 200.
The HLA-G coding and 3 0 -UTR data from 14 different populations available in the 1000Genomes Project was directly downloaded from the website (www.1000genomes.org, last accessed February 10, 2013) (1000Genomes Project Consortium, 2012). These data were converted into a Genepop format and a PED file (for Haploview) by using PGDSpider version 2.0.1.9 (Lischer and Excoffier 2012) . Despite the HLA-G data from the 1000Genomes Consortium being already phased, the same approach described above was used to infer haplotypes by concatenating 1000Genome data and data from this article. It was done in order to have the same approach for all the samples. Nevertheless, the compatibility between the phased data from 1000Genomes Consortium and the method proposed above was higher than 99%.
FIG. 4. Network of the HLA-G 3
0 -UTR/AluyHG haplotypes considering data from Brazil, Congo, Senegal, and France. The network was calculated by Median-Joining method (Bandelt et al. 1999 ) using the Network Program version 4.6.1.1 considering the Brazil, Congo, Senegal, and France data and excluding the haplotypes with frequencies lower than 1%. The AluyHG*1 allele indicates the absence of the AluyHG element, whereas the AluyHG*2 allele indicates the presence of the AluyHG. The HLA-G 3 0 -UTR haplotypes were named according to earlier studies (Castelli et al. 2010; Lucena-Silva et al. 2012) , and different colors or shades of gray indicate different HLA-G lineages as indicated in figure 3 .
